
Contents lists available at ScienceDirect

Atherosclerosis

journal homepage: www.elsevier.com/locate/atherosclerosis

Adherence and persistence to hyperlipidemia medications in patients with
atherosclerotic cardiovascular disease and those with diabetes mellitus
based on administrative claims data in Japan
Mayumi Wakea, Akinori Oha, Yoshie Onishib, Florent Guelfuccic, Yukio Shimasakia,
Tamio Teramotod,∗
a Japan Medical Affairs, Takeda Pharmaceutical Co. Ltd., Tokyo, Japan
b Creativ-Ceutical K.K., Tokyo, Japan
cHealth Economics and Outcome Research, Creativ-Ceutical, Paris, France
d Teikyo Academic Research Center, Teikyo University, Tokyo, Japan

H I G H L I G H T S

• This longitudinal cohort study analyzed hyperlipidemia (HL) therapy claims data.• Patients with type 2 diabetes mellitus or cardiovascular disease were included.• Adherence was ≥80% across most drug classes in both cohorts.

• 12-month persistence rates were low and variable, and warrant further study.
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A B S T R A C T

Background and aims: Real-world data on treatment patterns in Japanese hyperlipidemia patients with diabetes
mellitus (DM) or prior atherosclerotic cardiovascular diseases (ASCVD) are lacking.
Methods: This is a retrospective, longitudinal cohort analysis of administrative claims data (Japan Medical Data
Center [JMDC] and Medical Data Vision [MDV] databases) for patients prescribed a new hyperlipidemia
medication between 2014 and 2015. Patients were followed for ≥12 months. Outcomes included prescribing
patterns, persistence (discontinuations), and adherence (proportion of days covered).
Results: Data were analyzed for 11,718 and 27,746 DM, and 4101 and 14,356 ASCVD patients from the JMDC
and MDV databases, respectively. Among previously-untreated patients, index prescriptions were primarily for
moderate statins in the DM (JMDC: 74.7%, MDV: 77.5%) and ASCVD (JMDC: 75.4%, MDV: 78.5%) sub-cohorts.
Combinations were rarely prescribed (≤2.5%). Previously-treated patients were most frequently prescribed
combinations in the DM (JMDC: 46.7%, MDV: 53.6%) and ASCVD (JMDC: 49.3%, MDV: 53.3%) sub-cohorts.
Intensive statins were rarely used by previously-untreated (≤1%) or previously-treated (≤8%) patients in either
sub-cohort. Approximately half of previously-untreated patients discontinued hyperlipidemia therapy within 12
months. Adherence was ≥80% across most drug classes.
Conclusions: Many Japanese hyperlipidemia patients with DM or ASCVD are prescribed single-agent lipid-low-
ering therapy. Use of intensive therapy is lower than expected, and is suggestive of under-treatment. The low
persistence rates are concerning, and warrant further study.

1. Introduction

Hyperlipidemia, defined as abnormally increased levels of blood
lipids or lipoproteins (most commonly low-density lipoprotein (LDL)-
cholesterol [LDL-C]), is a well-established risk factor for atherosclerotic

cardiovascular disease (ASCVD) and all-cause mortality [1–3]. The
probability of major cardiovascular events or death is increased further
in patients with additional risk factors, such as type 2 diabetes mellitus
(DM), or a history of cardiovascular disease (CVD, e.g., peripheral or
coronary artery disease [PAD or CAD]) or cerebrovascular disease (e.g.,
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stroke) [2,4–7].
The 2012 and 2017 guidelines from the Japan Atherosclerosis

Society (JAS) recommend lipid-lowering therapy (LLT) for the primary
and secondary prevention of ASCVD in patients with hyperlipidemia, if
lifestyle modifications alone have failed to reduce lipid levels to below
target values [2,8]. LLTs recommended by the JAS include statins,
anion exchange resins, the small intestine cholesterol transporter in-
hibitor (SICTI) ezetimibe, fibrates, nicotinic acid derivatives, probucol,
and polyunsaturated fatty acids (PUFA), such as ethyl icosapentate and
omega-3-acid ethyl esters [8,9]. Because additional risk factors sub-
stantially increase the likelihood of morbidity and mortality, strict lipid
management targets are recommended for patients with comorbidities
including DM and PAD, with an LDL-C target 20mg/dL lower than that
recommended for patients without these comorbidities (< 120 vs.
140mg/dL, respectively) [2,8,9]. For patients with a history of CAD,
the LDL-C target is even lower (< 100mg/dL) [2,8,9]. Lipid manage-
ment targets can be achieved through use of single LLTs or combination
therapies. Combination therapy with several classes of drugs is re-
commended by the JAS for patients with pre-existing CAD, or if lipid
levels are not controlled by monotherapy [2,8,9].

LLT can only be optimally effective if patients adhere to their pre-
scribed treatment regimen and continue (persist) to take their treatment
over its intended course [10].

These issues are particularly relevant in patients with hyperlipi-
demia, where factors such as the lack of symptoms and poor awareness
of the risks associated with the condition can result in poor adherence
and persistence with prescribed treatment, and consequently low rates
of attainment of lipid management targets [7,11–17].

The efficacy and tolerability of LLT is well documented in clinical
trials, including studies of Japanese patients [2,7], but data on ‘real-
world’ treatment patterns, and persistence and adherence between
different hyperlipidemia drug classes, are lacking in Japan. To address
this, a recent longitudinal cohort study, based on administrative claims
data from two large databases in Japan (the Japan Medical Data Center
[JMDC] and Medical Data Vision [MDV] databases) reported differ-
ences in the prescription patterns of hyperlipidemia drug classes ac-
cording to the stage of treatment [18]. Previously untreated (UT) pa-
tients were most likely to be prescribed single-agent moderate statins as
first-line therapy, while previously treated (PT) patients were most
likely to be prescribed combination regimens. While adherence rates
were generally high (≥80% in most patient subgroups), persistence
rates were low, with more than half of UT patients discontinuing
treatment during the 12-month observation period. Following on from
this ‘real-world’ investigation, the JMDC and MDV databases were in-
terrogated further in a sub-study to explore differences in the pre-
scribing patterns of, persistence with, and adherence to LLT at a class
level specifically among patients with additional risk factors, i.e., pa-
tients with DM and ASCVD patients with a history of PAD, coronary
heart disease (CHD), or stroke.

2. Materials and methods

2.1. Study

This study was a retrospective, longitudinal, observational, cohort
analysis of medical insurance claims data for patients in clinical prac-
tice in Japan who were prescribed a new medication for hyperlipidemia
between January 1, 2014 and December 31, 2015. Results for the entire
patient cohort have been reported previously [18]. Anonymized pa-
tient-level data were extracted from the JMDC and MDV administrative
claims databases (Supplementary Methods). In accordance with the
Ethical Guidelines for Epidemiological Research published by the Ja-
panese Ministry of Health, Labor, and Welfare, ethics approval and
informed consent were not required. The study complied with the In-
ternational Society for Pharmacoepidemiology Guidelines for Good
Pharmacoepidemiology Practices. All authors had full access to all data,

and take responsibility for its integrity and the data analysis.

2.2. Study population

Patients were included if they were aged ≥18 years with ≥1 di-
agnosis of hyperlipidemia (ICD-10 code: E78) and ≥1 prescription
within a target hyperlipidemia drug class (Supplementary Methods)
issued between January 1, 2014 and December 31, 2015 (selection
period). Only patients issued with a new prescription for hyperlipi-
demia during the selection period were included. Patients were also
required to have ≥12 months of continuous enrollment in the database
before (‘pre-index period’) and after (‘post-index period’) the index date
without prescription of the index drug class within the pre-index
period. The index date was defined as the date of first prescription for a
target hyperlipidemia drug class initiated during the selection period;
the index drug class was defined as the first therapy within a target drug
class prescribed during the selection period. In situations where follow-
up/enrollment information was missing from the MDV database, pa-
tients had to have ≥1 medical claim in each quarter of the pre-index
period to allow longitudinal analysis.

This analysis reports hyperlipidemia drug treatment patterns, per-
sistence, and adherence data for two sub-cohorts of patients with DM
and ASCVD, respectively. Patients in the DM sub-cohort had to have a
diagnosis of type 2 DM, an observed Hb1Ac level of> 6.5%, or ≥1
prescription for a DM medication within the 3 months before the index
date. Patients in the ASCVD sub-cohort had to have ≥1 of the following
diagnoses within the pre-index period: stroke (ICD10 code: I61, I63, or
I64), PAD (ICD10 code: I70), or CHD (ICD10 code: I21, I22, or I24).

2.3. Study objectives and outcomes

The objectives of this sub-study were to determine and compare
treatment persistence and adherence to therapies within hyperlipi-
demia drug classes in patients with hyperlipidemia and DM or ASCVD;
these were pre-specified secondary objectives of the main study [18].
Outcomes were determined for the two sub-cohorts, and for UT and PT
patient sub-groups within each sub-cohort. UT patients were defined as
those without a prescription for any therapy within a hyperlipidemia
drug class of interest during the pre-index period. PT patients were
defined as those with a prescription for ≥1 non-index hyperlipidemia
drug class during the pre-index period and for whom the prescription
for this drug class was changed.

Treatment persistence was defined as the time from the index date
until discontinuation of ≥1 of the index hyperlipidemia drug classes. A
drug class was considered to be discontinued when there was no pre-
scription renewal for the given drug class during a period greater than
the ‘grace period’, defined as 1.5 times the median prescription dura-
tion for agents within the drug class under consideration. Persistence
measures included time to discontinuation and hyperlipidemia drug
class persistence rate at 12 months from the index date. For patients
prescribed ≥2 hyperlipidemia drug classes concomitantly, the date of
discontinuation was the date of the last prescription before the first
discontinuation of any drug in the combination, plus the days of supply
of that prescription.

Adherence to a therapy within a hyperlipidemia drug class of in-
terest was defined as the proportion of days covered (PDC) or the period
in which patients had the treatment in their possession. For each hy-
perlipidemia drug class, adherence was calculated as:

=PDC days of supply over the dispensing period index date to discontinuation
days in dispensing period index date to discontinuation

( )
( )

Patients were deemed to be adherent if they had PDC ≥80%.
Analyses of adherence were performed on patients with ≥2 prescrip-
tions of the index hyperlipidemia drug class during the 12-month post-
index follow-up period.
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2.4. Statistical analyses

Patient demographics, clinical characteristics, adherence, and 12-
month continuation rate were analyzed using descriptive statistics.
Time to drug discontinuation was determined using Kaplan–Meier
methods. The first discontinuation of the index hyperlipidemia drug
was the event and patients were censored if they reached the end of
follow-up without discontinuation. All analyses were undertaken by
Creativ-Ceutical using SAS version 9.3 (SAS Institute, Cary, NC, USA).

3. Results

3.1. Patients

Overall, 185,497 patients in the JMDC database and 704,577 in the
MDV database had ≥1 prescription for an agent within a hyperlipi-
demia drug class of interest between January 1, 2014 and December 31,
2015. For the DM sub-cohort, 11,718 patients (6.3%) in the JMDC
database (UT: 8883; PT: 2835) and 27,746 (3.9%) in the MDV database
(UT: 18,422; PT: 9324) met the eligibility criteria and were included in
the analyses (Supplementary Fig. 1). For the ASCVD sub-cohort, 4101
patients (2.2%) in the JMDC database (UT: 2948; PT: 1153) and 14,356
(2.0%) in the MDV database (UT: 9201; PT: 5155) were included in the
analyses (Supplementary Fig. 2).

The demographics and baseline characteristics of patients are shown
in Table 1 for both DM and ASCVD sub-cohorts. Mean duration of
follow-up was 717 (JMDC) or 792 (MDV) days in the DM sub-cohort,
and 711 (JMDC) or 791 (MDV) days in the ASCVD sub-cohort. Across
both sub-cohorts, compared with patients in the MDV database, pa-
tients in the JMDC database were younger, had a higher proportion of
men, were prescribed fewer concomitant drugs at the index date, had a
lower proportion of PT patients, and had fewer comorbidities. Across
both sub-cohorts and databases, UT patients were prescribed fewer
concomitant drugs at the index date than PT patients.

In the DM sub-cohort, almost all patients had a diagnosis of type 2
DM (JMDC: 95.6%; MDV: 98.6%) (Table 1). Within this sub-cohort, a
lower proportion of JMDC versus MDV patients had concomitant hy-
pertension (53.4% vs. 73.2%). Rates of all other recorded hyperlipi-
demia-related comorbidities were also numerically lower among JMDC
versus MDV patients. In the DM sub-cohort, UT patients were less likely
to have hypertension than PT patients (JMDC: 49.2% vs. 66.5%; MDV:
70.4% vs. 78.8%).

In the ASCVD sub-cohort, a lower proportion of JMDC versus MDV
patients had a diagnosis of stroke (29.0% vs. 46.8%; one of the diag-
noses used to define ASCVD), type 2 DM (38.6% vs. 59.5%), and hy-
pertension (61.6% vs. 81.0%) (Table 1). Incidences of the other high
risk-defining conditions, PAD (45.8% vs. 46.1%) and CHD (14.0% vs.
14.3%), were similar across the two databases. In this sub-cohort, UT
patients were less likely to have comorbid type 2 DM (JMDC: 34.2% vs.
50.0%; MDV: 55.1% vs. 67.3%), hypertension (JMDC: 58.2% vs. 70.5%;
MDV: 79.2% vs. 84.2%), or PAD (JMDC: 43.5% vs. 51.7%; MDV: 41.1%
vs. 55.1%) than PT patients. UT patients were more likely to have co-
morbid stroke (JMDC: 31.0% vs. 23.9%; MDV: 49.9% vs. 41.3%).

3.2. Treatments

Regardless of the database population (JMDC or MDV) or sub-co-
hort (DM or ASCVD), distributions of the index hyperlipidemia drug
classes of interest among UT and PT patients were generally compar-
able (Figs. 1 and 2).

Among UT patients in the DM sub-cohort, the most common hy-
perlipidemia drug class prescribed as first-line treatment was a mod-
erate statin (JMDC: 74.7%, MDV: 77.5%), followed by a fibrate (JMDC:
12.6%, MDV: 7.1%), and a PUFA (JMDC: 6.0%, MDV: 6.7%) (Fig. 1A).

Combination therapy was rarely used as the index prescription in UT
patients (JMDC: 2.1%; MDV: 1.9%). Among PT patients with DM, the
most frequently prescribed index drug class was combination therapy
(JMDC: 46.7%; MDV: 53.6%), followed by a moderate statin (JMDC:
20.0%, MDV: 14.7%), and then a fibrate in the JMDC database (10.7%),
or a SICTI (7.7%) in the MDV database (Fig. 1B). Combinations pre-
scribed as the index prescription in PT patients most commonly com-
prised a moderate statin plus a PUFA (JMDC: 14.3%, MDV: 17.5%),
SICTI (JMDC: 10.1%, MDV: 11.6%), or fibrate (JMDC: 5.4%, MDV:
3.0%).

In the ASCVD sub-cohort, the most common hyperlipidemia drug
class prescribed as first-line therapy in UT patients was a moderate
statin (JMDC: 75.4%, MDV: 78.5%), followed by a PUFA (JMDC:
11.0%, MDV: 8.6%), and a fibrate (JMDC: 6.6%, MDV: 3.7%) (Fig. 2A).
The most frequent index drug class among ASCVD PT patients was
combination therapy (JMDC: 49.3%; MDV: 53.3%), followed by a
moderate statin (JMDC: 16.4%, MDV: 15.0%), and a PUFA (JMDC:
10.1%, MDV: 8.8%) (Fig. 2B). The most common combinations pre-
scribed in PT patients were a moderate statin plus a PUFA (JMDC:
20.9%, MDV: 20.6%), SICTI (JMDC: 9.1%, MDV: 10.0%), or fibrate
(JMDC: 2.9%, MDV: 2.2%).

3.3. Persistence

Kaplan–Meier analysis of time to discontinuation of treatment by
hyperlipidemia index drug class during the 12-month follow-up period
in the DM (Table 2, Supplementary Fig. 3) and ASCVD (Table 2,
Supplementary Fig. 4) sub-cohorts revealed a generally lower prob-
ability of continuing treatment among patients in the JMDC database
compared with the MDV database.

Among UT patients in the DM sub-cohort, the continuation (per-
sistence) rates at 12 months across all hyperlipidemia drugs as mono-
therapy were 60.5% (JMDC) and 64.2% (MDV). The persistence rates
across all drugs including combinations were 60.2% (JMDC) and 63.8%
(MDV). The persistence rate was highest with a moderate statin in both
the JMDC (63.7%) and MDV (65.7%) databases (Table 2). The persis-
tence rate was lowest with an intensive statin in the MDV database
(28.8%); a comparable rate was observed in the JMDC database
(28.9%). Among PT patients in the DM sub-cohort, the persistence rates
at 12 months across all drugs as monotherapy only and combinations in
the two databases were as follows: monotherapy only, 59.5% (JMDC)
and 64.2% (MDV); and combinations, 60.7% (JMDC) and 66.1%
(MDV). Persistence rates ranged from 51.8% to 72.2% for all categories
except for ‘other’ hyperlipidemia drugs, where the rates were notice-
ably lower, both in the JMDC (27.8%) and the MDV (25.9%) databases.

In the ASCVD sub-cohort, the 12-month persistence rate in UT pa-
tients across all hyperlipidemia drugs as monotherapy were 60.8%
(JMDC) and 59.4% (MDV). The persistence rates across all drugs in-
cluding combinations were 60.4% (JMDC) and 59.1% (MDV). The
persistence rate was highest with a moderate statin in both the JMDC
(63.8%) and MDV (61.4%) databases (Table 2). Persistence rates with
intensive statins were low in both the JMDC (42.9%) and MDV (39.1%)
databases, with the lowest persistence rates of 35.7% (JMDC) and
31.2% (MDV) observed with ‘other’ hyperlipidemia drugs. Among PT
patients, the persistence rates at 12 months across all drugs in JMDC
and MDV were 56.3% and 61.5%, respectively, for monotherapy only,
and 60.5% and 65.1%, respectively, for combinations. Persistence rates
for a moderate statin was relatively high compared with other drug
classes in both the JMDC (71.4%) and MDV (70.1%) databases. Per-
sistence rates at 12 months varied from 46.9% to 71.5% in all categories
except for ‘other’ hyperlipidemia drug, where the lowest rates were
observed for both JMDC (16.7%) and MDV (22.4%) databases.
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3.4. Adherence

Adherence to treatment within different hyperlipidemia drug classes
of interest, expressed as PDC in first-line use with a single index drug
class, is shown in Table 3 for both DM and ASCVD sub-cohorts. In the
DM sub-cohort, for both UT and PT patients in either database (JMDC
or MDV), adherence (PDC ≥0.80) rates were ≥80% across the hy-
perlipidemia index drug classes, except for an adherence rate of 74.6%
to ‘other’ hyperlipidemia drugs in UT patients in the JMDC database. In
the ASCVD sub-cohort, adherence rates were ≥80% across hyperlipi-
demia drug classes for UT and PT patients in both databases, except for

a rate of 77.9% with fibrate medications in PT patients in the JDMC
database.

In both sub-cohorts, adherence rates across index drug classes in UT
or PT patients were generally lower in the JMDC database (DM:
74.6–89.7%; ASCVD: 77.9–97.0%) than the MDV database (DM:
86.6–97.0%; ASCVD: 92.8–97.6%). Adherence rates across index drug
classes were broadly comparable between UT and PT patients within
each database in both the DM (JMDC: 74.6–89.7% [UT] vs. 82.5–89.7%
[PT]; MDV: 86.6–96.4% [UT] vs. 94.8–97.0% [PT]) and ASCVD (JMDC:
85.0–94.4% [UT] vs. 77.9–97.0% [PT]; MDV: 93.1–96.5% [UT] vs.
92.8–97.6% [PT]) sub-cohorts.

Fig. 1. Distribution of index hyperlipidemia drug classes among (A) untreated and (B) previously treated patients in the diabetes mellitus sub-cohort of the JMDC and
MDV databases.
Intensive statin= atorvastatin ≥20mg, rosuvastatin ≥10mg, pitavastatin ≥4mg; Moderate statin= pravastatin, simvastatin, fulvastatin, atorvastatin< 20mg,
rosuvastatin< 10mg, pitabastatin<4mg; Other= anion exchange resins and nicotinic acid derivatives; JMDC, Japan Medical Data Center; MDV, Medical Data
Vision; PT, previously treated; PUFA, polyunsaturated fatty acid; SICTI, small intestine cholesterol transporter inhibitors; UT, untreated.
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4. Discussion

This sub-analysis of a retrospective, longitudinal, observational co-
hort study assessed treatment patterns of, persistence with, and ad-
herence to therapies within hyperlipidemia drug classes in sub-cohorts
of patients with DM and ASCVD using medical claims information from
the JMDC and MDV administrative claims databases in Japan. The
analysis evaluated whether Japanese patients at increased risk of CVD
are treated differently to the general hyperlipidemia patient population,
and explored how well these patients adhere to and persist with their
prescribed treatment(s).

Despite all patients in both sub-cohorts having additional cardio-
vascular risk factors, the overall findings were remarkably similar to

those reported for the main hyperlipidemia patient population [18].
Differences between the two database populations in both sub-cohorts
were consistent with those reported previously [18], and were re-
flective of the two distinct insured populations (Supplementary
Methods). Likewise, analysis of hyperlipidemia drug classes used as
index therapy in the DM and ASCVD sub-cohorts revealed a similar
profile to the main study population [18]. Approximately three quarters
of UT patients in the DM and ASCVD sub-cohorts were prescribed a
single moderate statin as first-line index treatment, likely reflecting the
fact that most clinical data in at-risk patients relates to moderate statins
[9,19–26]. Statins are also recommended by JAS as the first hyperli-
pidemia drug of choice [2,8,9]. In PT patients, approximately half were
prescribed combinations as their index therapy—usually a two-drug

Fig. 2. Distribution of index hyperlipidemia drug classes among (A) untreated and (B) previously treated patients in the ASCVD sub-cohort of the JMDC and MDV
databases.
Intensive statin= atorvastatin ≥20mg, rosuvastatin ≥10mg, pitavastatin ≥4mg; Moderate statin= pravastatin, simvastatin, fulvastatin, atorvastatin< 20mg,
rosuvastatin< 10mg, pitabastatin<4mg; Other= anion exchange resins and nicotinic acid derivatives; JMDC, Japan Medical Data Center; MDV, Medical Data
Vision; PT, previously treated; PUFA, polyunsaturated fatty acid; SICTI, small intestine cholesterol transporter inhibitors; UT, untreated.
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regimen including a moderate statin—with 15–20% receiving a single
moderate statin. Initial use of an intensive statin was low in both UT
(< 1%) and PT (6–7%) patients, reflecting another recently reported
analysis using data from the JMDC database [27]. The low use of in-
tensive statins in UT and PT patients and of combination regimens in
UT patients was surprising given the strict lipid management targets for
Japanese patients with DM and with a history of CVD/cerebrovascular
disease [2,9], and suggests that these patients may be being under-
treated. However, data on the effect of treatment on lipid levels would
be required to confirm this. Three large observational studies have in-
dicated that JAS lipid targets are not being met in a substantial pro-
portion of Japanese patients with hyperlipidemia, with up to one-third
of treated patients in routine care settings failing to achieve their LDL-C
goals, and 45–66% of patients with a history of CHD not reaching their
LDL-C target of< 100mg/dL [13,14,16]. It was recently reported that
69% and 90% of patients with diagnosed or suspected familial hy-
percholesterolemia, respectively, remained on statin monotherapy de-
spite failing to achieve their LDL-C target of< 100mg/dL [28].

Another recent study found only 30–58% of patients with high cardi-
ovascular risk achieved LDL-C target of< 100mg/dL [29]. According
to 2012 and 2017 JAS guidelines, achievement of strict lipid manage-
ment targets often necessitates use of higher doses and/or combinations
of agents from several hyperlipidemia drug classes [2,8,9].

Adherence to hyperlipidemia medications was generally high. This
finding is consistent with the results of a meta-analysis of 22 cohort
studies, which reported favorable adherence to statins in patients with a
history of CVD, and in those with comorbid hypertension or DM [30].
Another study has shown that hyperlipidemia patients with pre-existing
comorbidities tend to adhere better to LLTs than those without con-
comitant conditions [31], potentially due to a greater awareness of the
importance of adherence for reducing cardiovascular risk [32].

In contrast to adherence rates, 12-month persistence rates were low
and variable across drug classes and databases, which is concerning
given the association between poor persistence with hyperlipidemia
medications and CVD risk [11]. Notably, patients who discontinue
treatment may not benefit from the time-dependent increase in

Table 2
Persistence to index hyperlipidemia drug classes in the DM and ASCVD sub-cohorts.

Moderate statin Intensive statin Fibrate PUFA SICTI Other

Persistence for DM cohort
JMDC
UT patients
N 6640 45 1115 536 270 91
Time to discontinuation (days) Mean (SE) 657 (5.6) 191 (31.2) 509 (12.3) 474 (16.2) 455 (22.1) 245 (32.0)

Median 837 60 407 392 366 99
Continuation at 12 months, % 63.7 28.9 52.5 51.7 50.4 25.3

PT patients
N 566 164 303 207 217 54
Time to discontinuation (days) Mean (SE) 684 (18.4) 440 (25.9) 506 (20.3) 574 (32.0) 537 (26.0) 284 (45.3)

Median 1056 402 448 520 556 144
Continuation at 12 months, % 67.7 51.8 55.1 57.5 59.9 27.8

MDV
UT patients
N 14,268 80 1307 1227 676 527
Time to discontinuation (days) Mean (SE) 524 (3) 265 (38.4) 519 (9.9) 494 (10.1) 529 (13.7) 302 (13.7)

Median 562 57 556 512 566 151
Continuation at 12 months, % 65.7 28.8 64.5 59.4 65.1 36.4

PT patients
N 1366 620 504 685 718 433
Time to discontinuation (days) Mean (SE) 585 (9.5) 539 (13.3) 522 (15.5) 525 (13.4) 545 (12.9) 233 (14.9)

Median 616 567 560 560 560 70
Continuation at 12 months, % 72.2 71.3 63.3 62.8 68.0 25.9

Persistence for ASCVD cohort
JMDC
UT patients
N 2224 21 196 323 72 28
Time to discontinuation (days) Mean (SE) 647 (9.4) 449 (95.9) 502 (29.2) 484 (23.5) 474 (41.8) 274 (54.4)

Median 936 281 393 367 473 124
Continuation at 12 months, % 63.8 42.9 52.6 50.2 55.6 35.7

PT patients
N 189 74 98 117 76 30
Time to discontinuation (days) Mean (SE) 655 (27.7) 509 (42.5) 457 (37.3) 493 (39.0) 490 (39.2) 196 (57.3)

Median NE 840 337 354 563 54
Continuation at 12 months, % 71.4 58.1 46.9 48.7 56.6 16.7

MDV
UT patients
N 7219 69 336 787 210 353
Time to discontinuation (days) Mean (SE) 493 (4.3) 314.0 (41.5) 494 (20.7) 464.0 (13.1) 510 (26) 274 (17.2)

Median 537 80 531 464 546 98
Continuation at 12 months, % 61.4 39.1 60.4 54.4 61.4 31.2

PT patients
N 772 376 201 456 293 308
Time to discontinuation (days) Mean (SE) 559 (12.9) 548 (17.3) 478 (25.2) 519 (17.3) 568 (20.1) 222 (17.9)

Median 595 574 504 560 581 59
Continuation at 12 months, % 70.1 71.5 58.2 60.5 71.0 22.4

Intensive statin= atorvastatin ≥20mg, rosuvastatin ≥10mg, pitavastatin ≥4mg; Moderate statin= pravastatin, simvastatin, fulvastatin, atorvastatin< 20mg,
rosuvastatin< 10mg, pitabastatin<4mg; Other= anion exchange resins and nicotinic acid derivatives. ASCVD, atherosclerotic cardiovascular diseases; DM,
diabetes mellitus; JMDC, Japan Medical Data Center; MDV, Medical Data Vision; PT, previously treated; PUFA, polyunsaturated fatty acid; SE, standard error; SICTI,
small intestine cholesterol transporter inhibitors; UT, untreated.
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treatment benefits of LLTs, as observed in several large-scale studies
including LIPID [33] and WOSCOPS [34]. Regardless of treatment
history, persistence rates were among the highest in patients prescribed
moderate statins [9] and among the lowest in patients prescribed in-
tensive statins. Across both sub-cohorts, persistence rates were gen-
erally lower in UT versus PT patients, possibly reflecting differences in
the relative value these sub-groups place on treatment. Lower persis-
tence rates observed with intensive statins in UT patients compared
with PT patients may have resulted from a lower tolerance for any side
effects in UT patients than in PT patients for any side effects associated
with high-dose statin therapy. Poor tolerability is the most common
reason for discontinuing hyperlipidemia medication [33,34]. In addi-
tion, other reasons such as a nocebo effect or down-titration as part of a
treatment regimen could have contributed to the high withdrawal rate.
Factors related to continuation of statin therapy are complex [35], and
were not addressed in this study.

In our study, persistence rates were low and variable despite con-
sistently high adherence rates, suggesting that patients may not be
adequately medicated even with high adherence rates. Of note, ad-
herence rates derived from claims data may be overestimated in Japan,
as patients rarely request changes to their prescription before com-
pleting the previous course of medication [36]. The low and variable
persistence rates (16.7–72.2%) observed in our study are in contrast to
those previously reported by Nagar et al. (60.0–63.4%) [27]. Patients

without hyperlipidemia were included in their study (31.6–35.2%),
while our study included only patients diagnosed with hyperlipidemia,
who were therefore expected to have greater awareness of their con-
dition; however, this was not reflected in the persistence rates.

The strengths and limitations of this analysis have been discussed
previously [18]. In brief, this analysis provides valuable information on
many hyperlipidemia patients with continuous enrollment included in
two large administrative claims databases. However, the study is lim-
ited by its observational nature, strict eligibility criteria, limited follow-
up (12 months), small sample sizes in some sub-groups, and a lack of
statistical power to detect differences between sub-groups of interest.
There was also an assumption that all patients filled their prescriptions
and took their medication. Additionally, baseline lipid levels and sub-
sequent treatment-related changes, which would have influenced
treatment decision-making, were not captured systematically. Further
information missing from both databases included reasons for dis-
continuing treatment, whether patients took extra doses to compensate
for forgotten doses, incidence of pill dumping or stockpiling, details of
non-reimbursed treatments, and data on the impact of treatment on
symptoms/health outcomes. Specific limitations associated with the
JMDC database included a lack of information on elderly patients (as
beneficiaries were working adults and their family members) and non-
validated diagnoses. For the MDV database, there is no linkage of data
between medical care facilities. Therefore, if a patient receives care in

Table 3
Adherence to index hyperlipidemia drug classes in the diabetes mellitus and ASCVD sub-cohorts.

Moderate statin Intensive statin Fibrate PUFA SICTI Other

Adherence for DM cohort
JMDC
UT patients

N 5920 32 947 455 223 67
PDC, mean ± SD 0.91 ± 0.10 0.93 ± 0.14 0.91 ± 0.10 0.92 ± 0.10 0.92 ± 0.10 0.87 ± 0.13
Adherent,a n (%) 5213 (88.1) 28 (87.5) 817 (86.3) 397 (87.3) 200 (89.7) 50 (74.6)

PT patients
N 520 136 284 175 195 40
PDC, mean ± SD 0.92 ± 0.09 0.92 ± 0.09 0.91 ± 0.10 0.92 ± 0.10 0.91 ± 0.10 0.91 ± 0.11
Adherent,a n (%) 463 (89.0) 121 (89.0) 249 (87.7) 157 (89.7) 173 (88.7) 33 (82.5)

MDV
UT patients

N 13,096 67 1162 1086 610 402
PDC, mean ± SD 0.96 ± 0.08 0.94 ± 0.13 0.96 ± 0.08 0.96 ± 0.07 0.96 ± 0.10 0.95 ± 0.10
Adherent,a n (%) 12,549 (95.8) 58 (86.6) 1111 (95.6) 1047 (96.4) 586 (96.1) 375 (93.3)

PT patients
N 1256 528 436 616 629 310
PDC, mean ± SD 0.97 ± 0.07 0.96 ± 0.07 0.96 ± 0.08 0.97 ± 0.06 0.96 ± 0.09 0.96 ± 0.10
Adherent,a n (%) 1218 (97.0) 512 (97.0) 419 (96.1) 597 (96.9) 599 (95.2) 294 (94.8)

Adherence for ASCVD cohort
JMDC
UT patients

N 2006 16 166 266 59 18
PDC, mean ± SD 0.92 ± 0.10 0.95 ± 0.07 0.91 ± 0.09 0.91 ± 0.10 0.92 ± 0.10 0.92 ± 0.07
Adherent,a n (%) 1795 (89.5) 15 (93.8) 150 (90.4) 226 (85.0) 53 (89.8) 17 (94.4)

PT patients
N 174 61 86 99 67 21
PDC, mean ± SD 0.94 ± 0.07 0.95 ± 0.07 0.89 ± 0.11 0.92 ± 0.08 0.94 ± 0.05 0.91 ± 0.15
Adherent,a n (%) 166 (95.4) 59 (96.7) 67 (77.9) 90 (90.9) 65 (97.0) 17 (81.0)

MDV
UT patients

N 6619 58 296 684 190 258
PDC, mean ± SD 0.97 ± 0.08 0.96 ± 0.12 0.96 ± 0.08 0.97 ± 0.06 0.96 ± 0.11 0.96 ± 0.09
Adherent,a n (%) 6378 (96.4) 54 (93.1) 284 (96.0) 660 (96.5) 181 (95.3) 245 (95.0)

PT patients
N 701 324 168 401 267 208
PDC, mean ± SD 0.97 ± 0.06 0.97 ± 0.07 0.96 ± 0.11 0.97 ± 0.07 0.97 ± 0.08 0.95 ± 0.12
Adherent,a n (%) 684 (97.6) 315 (97.2) 160 (95.2) 391 (97.5) 259 (97.0) 193 (92.8)

Intensive statin= atorvastatin ≥20mg, rosuvastatin ≥10mg, pitavastatin ≥4mg; Moderate statin= pravastatin, simvastatin, fluvastatin, atorvastatin< 20mg,
rosuvastatin< 10mg, pitavastatin<4mg; Other= anion exchange resins and nicotinic acid derivatives. ASCVD, atherosclerotic cardiovascular diseases; DM,
diabetes mellitus; JMDC, Japan Medical Data Center; MDV, Medical Data Vision; PDC, proportion of days covered (medical possession ratio); PT, previously treated;
PUFA, polyunsaturated fatty acid; SD, standard deviation; SICTI, small intestine cholesterol transporter inhibitors; UT, untreated.
a PDC ≥0.80.
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different institutions, their data will be incomplete.
In summary, the results of this retrospective, observational, cohort

sub-study indicate that many Japanese patients with hyperlipidemia
and DM or ASCVD are prescribed single-agent LLT, most commonly a
moderate statin, as their index drug, and therefore may not be receiving
adequate treatment to reach their strict lipid management goals. While
adherence rates with hyperlipidemia drugs were generally high, per-
sistence rates were low, which is concerning given the link between
poor persistence and CVD, particularly in these at-risk patient popula-
tions. Studies are needed to determine the reasons behind the limited
prescribing of more aggressive therapies (intensive statins and combi-
nations) and low persistence rates, and to identify ways of supporting
these patients with DM or ASCVD to remain on therapy and lower their
cardiovascular risk profile.
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